Hunger may be delayed and food intake reduced under metabolic conditions that spare carbohydrate oxidation, especially during oxidation of medium-chain triacylglycerols (MCTs) or monounsaturated triacylglycerols. In 12 healthy, adult, male volunteers isolated and deprived of any time cues, we compared the effects of 4 high-carbohydrate breakfasts (1670 kJ) supplemented either with a fat substitute (Sub; 70 kJ) or with 1460 kJ fat as monounsaturated long-chain triacylglycerols (LCT-U), saturated long-chain triacylglycerols (LCT-S), or MCTs. In the first session we investigated the effects of these breakfasts on the following food intake variables: hunger ratings at repeated intervals, the time until the spontaneous request for the next 2 free-choice meals, and the amount of food consumed. In a second session with fixed lunches, we studied the effects of the same breakfasts on plasma glucose, insulin, triacylglycerol, fatty acid, and ␤-hydroxybutyrate concentrations. The addition of any of the fats to the high-carbohydrate breakfasts did not alter hunger ratings, but significantly delayed the request for lunch compared with the low-fat breakfast. The free-choice lunch eaten after the MCT breakfast was also significantly smaller. Blood glucose and insulin concentrations were lower after the 3 fat breakfasts, followed by larger increases in glucose and enhanced insulin responses 30 min after the lunch. No differences were observed between the LCT-U and LCT-S conditions. We conclude that MCTs decreased food intake by a postabsorptive mechanism, although the exact effect of these lipids on carbohydrate oxidation will require further studies involving nutrient balance measurements.
INTRODUCTION
Several surveys have shown a positive relation between the percentage of fat in the diet and weight gain or body mass index (1-3). Lissner et al (4) and Lawton et al (5) observed that exposure to high-fat foods led to overconsumption relative to that with high-carbohydrate foods. The exact mechanism of the hyperphagia and body weight gain induced by high-fat diets is unclear. Although the high energy density of high-fat diets is a possible factor (6) , it has been suggested that high-fat diets impair the metabolism of carbohydrate. It is now well established that food intake is controlled, at least in part, by a glucostatic mechanism (7-10) whereby energy intake is regulated by the rate of carbohydrate utilization, even with a high-fat diet. Because short-term adaptation of fat oxidation is poor (11) (12) (13) , respiratory exchange measurements have indicated that carbohydrates contribute to energy expenditure even in fasting subjects or in subjects fed a high-fat diet. In normal fasting subjects, the respiratory quotient (RQ) is close to 0.85, indicating that carbohydrates are preferentially oxidized (11) . After a mixed diet, the RQ is raised (14) and a few hours later, when carbohydrate concentrations decline, absorbed nutrients no longer match energy requirements (15) . In this situation, the hunger signal may occur relatively early in subjects fed a high-energy-density diet. Conversely, conditions that spare carbohydrate oxidation might delay the hunger signal and postpone the next meal.
Not all kinds of dietary fat have the same effect on weight gain and, in rats, large differences have been observed depending on carbon chain length (16) (17) (18) and degree of unsaturation (19) . Similar observations have been made in humans (20) (21) (22) , in whom medium-chain triacylglycerols (MCTs), mainly those with 8-10 carbons, are rapidly absorbed into the portal circulation, in contrast with long-chain triacylglycerols (LCTs), and in whom medium-chain fatty acids are taken up and preferentially oxidized by the liver, where they are converted into ketone bodies (23) (24) (25) . The work of Rolls et al (26) indicated that compared with high-LCT diets, MCTs decrease food intake in nondieting humans. Friedman et al (18) also described a more rapid reduction in food intake by an MCT load than an LCT load in rats. Because this reduction was larger in diabetic than normal rats, they ascribed it Influence of medium-chain and long-chain triacylglycerols on the control of food intake in men [1] [2] [3] Virginie Van Wymelbeke, Abdou Himaya, Jeanine Louis-Sylvestre, and Marc Fantino to the greater degree of hepatic oxidation of the fat ingested. However, the study of Flatt et al (11) pointed to another mechanism based on a sparing of carbohydrate. Indeed, this group monitored RQ over a period of 9 h in subjects who had eaten breakfast supplemented with either LCTs or MCTs. They observed that during the first 4-4.5 h, the RQ after MCTs was lower than that after saturated LCTs, becoming more elevated during the last hours of the experiment. The smaller increase in RQ observed in the few hours after ingestion of meals with MCTs suggests that these fats promote fat oxidation in the postprandial period. This effectively spares carbohydrate via the Randle effect (27) , which could delay the onset of hunger.
MCTs were thus used as a carbohydrate-sparing food in the present study. It has also been suggested that other fats are absorbed and oxidized differently from saturated LCTs. Leyton et al (19) in rats and Jones et al (21) in humans reported that oleic acid (18:1nϪ9) is more rapidly absorbed and oxidized than stearic acid (18:0). Because mono- (19, 21) and polyunsaturated triacylglycerols (22) may be oxidized faster than saturated fatty acids, we used olive oil in addition to MCT as an unsaturated LCT (LCT-U) in an attempt to modify the rate of oxidation of carbohydrate.
The present study was designed to examine the influence of high-carbohydrate meals supplemented with fats differing in degree of saturation or chain length on both food intake and various metabolic and hormonal variables in normal-weight male subjects. To study both hunger and the determinants of meal initiation, as well as the mechanism of satiation, we measured the spontaneous food intake of subjects isolated from time cues.
SUBJECTS AND METHODS

Subjects
The subjects were 12 healthy male volunteers, 19-24 y old (x -± SD: 21 ± 1.5 y), of normal body weight [range of body mass indexes (in kg/m 2 ): 19-23; x -± SD: 21.7 ± 1.6], recruited from the local student population. Inclusion criteria were that they were nonsmoking, had no family history of metabolic disorders, had a stable body weight for 6 mo, and had a normal food intake pattern as evaluated by a 7-d food record. The subjects were instructed to maintain a constant pattern of activity during the study, to not change their eating habits, to avoid intake of alcohol, and to abstain from parties for the 2 d preceding each experimental day.
General design and experimental procedure
The study was carried out in a residential metabolic ward at the Dijon University Hospital (France). The experiment comprised 2 sessions, each lasting 4 d with breakfasts differing in the nature of the fat content. The first session was "behavioral," ie, designed to study the influence of the different fat loads at breakfast on food intake at the next 2 meals (lunch and dinner). The second session was mainly "metabolic," ie, designed to monitor metabolic and hormonal variables from the breakfast to the spontaneously requested lunch of fixed composition and quantity, and from the lunch to the ad libitum dinner. Four subjects were examined at a time. For each subject, the 8 experimental days were scheduled exactly 1 wk apart, on a Tuesday, Wednesday, or Thursday. The day before each experimental day, all subjects ate an identical dinner. On experimental days, they arrived at the laboratory at 0700 and stayed until 2300. During these 16 h, they were isolated in an individual, sound-attenuated medical suite where they were maintained under artificial light and where time cues were minimized. All personnel were carefully trained to avoid references to time or time intervals. In such conditions, subjects lost track of time; when asked at the end of the sessions about the time, they were consistently mistaken (an average error of 49 min). They ate all their meals and were allowed to read, listen to music, study, or rest in the medical suite. In session 2, for blood sampling with minimal disturbance and stress, a sterile venous catheter was inserted at 0730, ie, 1 h before breakfast. The procedure was approved by the official Ethics Committee of Dijon and each subject gave written consent to participate in the study.
Meals
The 4 different breakfasts, served at 0830, were composed of 300 g pasta with 100 g tomato sauce (84.5 g carbohydrate, 14.3 g protein, 1.7 g fat, and 1670 kJ) supplemented with 1 of 3 different fats (1460 kJ) or with a fat substitute (70 kJ). This fat substitute had been established previously to be sensorially equivalent to 40 g fat; it was composed of 0.25 g of a solution of natural aroma of butter in propylene glycol (Harmann and Reimer, Holzminden, Germany) dissolved in 4 g maltodextrin and 36 g water (Sub condition). In the 3 other breakfasts the fat was either 1) 40 g olive oil, a mainly unsaturated fat (11% 16:0, 3.7% 18:0, 77% 18:1nϪ9, 7% 18:2nϪ6; LCT-U condition); 2) 42 g lard, a mainly saturated fat (25% 16:0, 15% 18:0, 44% 18:1nϪ9, 9% 18:2nϪ6, 5% water; LCT-S condition); or 3) 43 g of a mixture of MCTs (Ceres oil from Astra Calve, Paris) containing 98.5% MCT (8-10 carbons) and 1.5% LCT (MCT condition). The energy content of the breakfast in the Sub condition was close to the mean energy content of the subjects' usual breakfasts as indicated by the 7-d food records (1770 compared with 1748 ± 608 kJ) and both were rich in carbohydrate and provided a similar amount of protein. Subjects were allowed 10 min to eat the experimental breakfast. The order of presentation was randomized according to a near cross-over design.
The lunch was free choice in session 1; it was a typical French gastronomic buffet composed of 30 different, highly palatable foods (see Appendix A), including meats, vegetables, cheeses, desserts, bread, and sweets, but with only tap water as a beverage. As indicated by the 7-d records, no subject reported disliking any of these foods, which were chosen in accordance with their food habits. Subjects could eat as much as they wanted and the lunch lasted Ϸ20 min but was not limited in time. In session 2, because the influence of the different breakfasts on metabolic and hormonal variables was under investigation, the lunch was fixed (60% carbohydrate, 25% fat, 15% protein, and 2720 kJ) and consisted of 300 g mashed potatoes with 100 g minced beef, 200 g applesauce, and ad libitum water. Dinners were free choice in both experimental sessions and were identical to the freechoice lunches of the first session.
Experimental measures
In both sessions, the following food intake variables were measured: 1) the time between the breakfast and the spontaneous lunch request; 2) the time between lunch and the spontaneous dinner request; 3) the amounts of food ingested during the freechoice meals (lunches in session 1 and dinners in both sessions) in terms of energy content and macronutrient composition; 4) the temporal pattern of subjects' hunger sensations, evaluated every 30 min during the 16 h of each experimental day by using a 100-mm visual analogue scale; and 5) the hedonic value of breakfast, evaluated on a 100-mm visual analogue scale. In addition, on the day after each experimental day the subjects were requested to weigh and note all foods and beverages they ingested.
In session 2, to compare the metabolic and hormonal changes induced by the different breakfasts, blood samples were collected 20 min and 5 min before and 10, 20, 30, 40, and 60 min after the breakfast, then every 30 min until lunch was requested. After lunch, blood samples were also taken at 15, 30, and 60 min, then every 60 min until dinner. Blood, collected with heparin, was immediately centrifuged (4000 ϫ g, 4 ЊC, 15 min) and plasma samples were stored at Ϫ70 ЊC for subsequent assay of glucose, insulin, triacylglycerols, fatty acids, and ␤-hydroxybutyrate. Glucose concentration was determined in 25 L plasma in an enzymatic assay by using the glucose oxidase method (glucose analyzer STAT model 23A; Yellow Springs Instruments, Yellow Springs, OH; 1% accuracy); insulin was measured by radioimmunologic assay (insulin CT kit; Cis Bio International, Gif sur Yvette, France; 7% accuracy); triacylglycerols and fatty acids were determined by colorimetric enzymatic methods (N Wako kit and NEFA-C Wako kit; Unipath, Dardilly, France; 5% accuracy for both); and ␤-hydroxybutyrate was determined by a ␤-hydroxybutyrate dehydrogenase method (RB 1007 kit; Randox Laboratory, Roissy, France; 5% accuracy) with use of a Cobas FARA instrument (Roche Laboratory, Neuilly sur Seine, France).
Expression of results and statistical analysis
Because the subjects requested their lunches and dinners at different times, hunger ratings were expressed as means (± SEMs) until the time at which the first individual requested a meal (ie, 150 min for lunch and 240 min for dinner), and the metabolic variables as mean values at the meal request. In addition, to examine the possible temporal influence of these variables on the request for the meal, we computed their temporal patterns during the 150 min preceding the lunch and after the lunch, synchronizing the values for the different subjects to the time of their lunch request. The overall insulin response after a meal was expressed as the area under the curve (AUC) calculated by the trapezoidal method from breakfast until the first lunch request (ie, 150 min) and from lunch until the first dinner request (ie, 240 min). Means were compared by one-way or two-way analysis of variance (ANOVA) by using the statistical package NCSS (version 2.0; BMDP Statistical Software, Los Angeles) followed by post hoc comparison with the Neuman-Keuls test when appropriate (P < 0.05). Subjects were used as a blocking factor and time or the nature of the fat in the breakfast were main factors. Food intakes during dinners and the intake on subsequent days in sessions 1 and 2 were also compared by two-way ANOVA, with the nature of the fat in the breakfast and sessions as main factors.
RESULTS
No subject complained of any malaise or discomfort during the experiment and there were no dropouts.
Hedonic evaluation and hunger ratings
There were no significant differences in the hedonic ratings of the 4 breakfasts (Sub condition: 49 ± 5.5 mm; MCT condition: 43 ± 6.1 mm; LCT-U condition: 38 ± 4.7 mm; LCT-S condition: 38 ± 5.1 mm). Two-way ANOVA indicated a significant difference in the time course of hunger sensations in the different fat conditions. Hunger occurred sooner after the Sub breakfast than after the other 3 breakfasts during session 2 (P < 0.01, Figure 1 ). Hunger ratings were higher 120 and 150 min after this breakfast, resulting in an earlier lunch request. In contrast, no difference was observed in the temporal pattern of hunger during the 150 min preceding the lunches or after these meals in either session. Note that the hunger ratings at the lunch and dinner requests were comparable for each experimental condition in both sessions. Similarly, hunger ratings fell to the same value after the meals in both sessions.
Food intake
The mean time to the lunch request was significantly shorter after the Sub breakfast than after the other 3 breakfasts in both session 1 and session 2 (P < 0.05 for both), but there was no significant difference between the 2 sessions (two-way ANOVA: session effect, NS; breakfast effect, P < 0.01; Table 1 ). There was also no significant difference in time to the dinner request in either session (Table 1) .
Energy intake at the free-choice lunch in session 1 ( Table 2 ) was significantly lower after the MCT breakfast than after the other types of breakfast (P < 0.05), although there was no difference in the proportion of macronutrients. No differences were observed for energy or macronutrient intakes at the ad libitum dinners in either session (Table 3) . Similarly, no differences were noted in the meals on the next day ( Table 3 ). Note that the two-way ANOVA indicated that the mean spontaneous energy intakes during the 4 ad libitum lunches in session 1 were not significantly different after the different breakfasts but were significantly higher than intakes of the fixed lunches in session 2 (3574 ± 129.2 compared with 2720 kJ, P < 0.001). Conversely, energy intake at the dinners after the fixed lunches in session 2 was significantly higher than at the dinners in session 1 (4314 ± 190.2 compared with 3636 ± 134.6 kJ, P < 0.001), and energy intake was also significantly higher the next day (9230 ± 358.6 kJ in session 2 compared with 8435 ± 274.6 kJ in session 1, P < 0.05).
Metabolic and hormonal responses
The metabolic and hormonal variables are shown in Figure 1 and Figure 2 . For each variable, two-way ANOVA showed a significant main time effect and a significant main effect of the type of breakfast during both the postbreakfast and postlunch periods. After each breakfast, blood glucose concentrations (Figure 1) rose to a peak 30-40 min after the meal (time effect: P < 0.001). Glucose concentrations peaked at a significantly higher value after the Sub breakfast than after the 3 other breakfasts (breakfast effect: P < 0.001). In contrast, blood glucose rose less after the lunch following the Sub breakfast (breakfast effect: P < 0.001).
It can be seen in Figure 1 that the postbreakfast insulin responses were different. The time effect and breakfast effect were both significant (P < 0.001), but there was no significant interaction. The insulin AUCs over the postbreakfast period showed that the higher postbreakfast glucose concentrations in the Sub condition induced a significantly larger overall insulin response than that observed in the 3 other conditions (P < 0.05, Neuman-Keuls test after one-way ANOVA). Over the postlunch period, despite slight differences in the temporal pattern of plasma insulin concentrations, there was no significant difference in the overall postlunch insulin response. Note that at the time of the meal request, similar concentrations of both glucose and insulin were observed in the different conditions. The postbreakfast triacylglycerol time course (Figure 2 ) also depended markedly on the nature of the fat load at breakfast (P < 0.001). Plasma triacylglycerol rose progressively after the LCT-S and LCT-U conditions, attaining, at lunch request, twofold higher concentrations than after the Sub or MCT conditions. A significantly different temporal pattern was also observed after lunch (breakfast effect: P < 0.001). In both LCT conditions, triacylglycerol only started to fall 30-60 min after the lunch, gradually joining the curves corresponding to the other 2 conditions. The different breakfasts also induced different temporal patterns in fatty acid concentrations (Figure 2 ) after breakfast (breakfast effect: P < 0.001) as well as after lunch (breakfast effect: P < 0.001). Plasma fatty acids decreased 20 min after the Sub breakfast and remained significantly lower than in the 3 other conditions until 1 h after lunch. In contrast, fatty acids increased within 10 min after the MCT breakfast, peaked at 20 min, and then fell until the lunch. After the 2 LCT breakfasts, fatty acids had an early postprandial decline with a subsequently delayed increase (90 min). In all conditions fatty acid concentrations fell after lunch.
Finally, the nature of the fat at breakfast also had a marked influence on the temporal pattern of ␤-hydroxybutyrate concentrations ( Figure 2 ) after both breakfast (P < 0.001) and lunch (P < 0.01). Concentrations remained low and constant after the Sub and both LCT conditions, but were around sixfold higher after the MCT breakfast until lunch. After lunch, ␤-hydroxybutyrate decreased progressively, returning to basal concentrations by the dinner request.
DISCUSSION
Two different mechanisms govern food intake: hunger, which determines the onset of meals, and satiation, which terminates eating (10) . Because most of the studies conducted in humans have used fixed eating schedules (5, 28, 29) , meal initiating mechanisms, ie, the satiating action of the previous meal, have received little attention. In the present study an ad libitum feeding procedure was used in subjects isolated from time cues to study the influence of different fat loads at breakfast on both aspects of eating regulation at subsequent meals. Meal initiation was evaluated from hunger ratings and the satiety generated by the previous breakfast was assessed from the time to the request for the next meal. In the present experiments, the effect of different breakfasts on satiation was evaluated from the amounts of food ingested at the 2 subsequent meals. This procedure has been shown to be suited for studying the metabolic mechanisms determining the temporal pattern of food intake in humans (30) . In our study, all the breakfasts were of the same weight, same appearance, same palatability, and same carbohydrate and protein content. They only differed in fat content and the nature of the fat. The main result expected was that MCTs, and to a lesser extent unsaturated LCTs, would slow the rise in hunger and delay the next meal request by sparing carbohydrate oxidation by their more rapid absorption and oxidation than that of saturated LCTs. The results did not fully support this hypothesis because neither the MCT nor LCT-U conditions postponed the first meal after their ingestion, although MCTs enhanced satiation at the next meal.
Indeed, the mean time to the lunch request was not significantly different after the 3 isoenergetic fat breakfasts. However, in both sessions, it was significantly longer than after the low-fat breakfasts with a lower energy content. This observation contrasts with the previous observation of Blundell et al (28) and French and Read (31) that a fat added to a meal had no effect on the return of hunger. Note that the temporal pattern of hunger and the
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VAN WYMELBEKE ET AL x -± SEM; n = 12. Sub, fat substitute; MCT, 43 g medium-chain triacylglycerols; LCT-U, 40 g olive oil; LCT-S, 42 g lard. 2 ANOVA. 3 Significant effect of breakfast condition, P < 0.001 (two-way ANOVA). 4 Significantly different time to lunch request for breakfast condition in session, P < 0.05 (Neuman-Keuls test). 1 x -± SEM; n = 12. Sub, fat substitute; MCT, 43 g medium-chain triacylglycerols; LCT-U, 40 g olive oil; LCT-S, 42 g lard. 2 Significant differences among breakfast conditions, P < 0.05 (ANOVA).
3 Significantly different from the other intakes, P < 0.05 (Neuman-Keuls test).
time to the lunch requests after our 3 fat breakfasts were comparable despite differences in the rate of absorption of LCTs and MCTs, as indicated by the blood concentrations of triacylglycerols and fatty acids. The plasma time courses of these metabolites were identical after the LCT-U and LCT-S breakfasts, with a maximum fatty acid concentration indicating peak absorption around lunchtime, ie, Ϸ5 h after breakfast. In contrast, MCTs were absorbed much more rapidly (fatty acid peak: 30-60 min after breakfast). These temporal patterns of fat absorption agree with those obtained under similar conditions by Flatt et al (11) . However, they do not agree with reports that unsaturated LCTs are absorbed more rapidly than saturated LCTs (19, 21, 22) .
In the present study, the identical temporal patterns of both plasma glucose and insulin after the 3 fat-containing breakfasts (with MCTs or LCTs) and the identical time to the lunch request suggested that addition of the same amounts of these different fats to breakfast may have spared carbohydrate oxidation to the same extent. These observations are not consistent with our idea that the more rapid absorption of MCTs (and LCT-U) spares carbohydrate oxidation sufficiently to delay onset of the next meal. However, this hypothesis cannot be confirmed or refuted in the absence of measures of respiratory exchange. It is also possible that a sparing of carbohydrate oxidation by the more rapid absorption of MCTs was counterbalanced by an increase in the postprandial thermogenesis generated by MCTs, as described by Hill et al (32) . Moreover, the effects of fat-containing foods on glucose metabolism are complex. The present results support previous observations that addition of fat to a high-carbohydrate meal reduces the immediate postprandial hyperglycemia and hyperinsulinemia (11, 30) , an effect attributed to delayed gastric emptying (31, (33) (34) (35) . The reverse effect occurred after the subsequent meal, and this greater glucose elevation may be explained by an impairment in carbohydrate tolerance due to the high circulating lipid concentrations (30, 36, 37) . Himaya et al (30) suggested that such insulin resistance may alter the time to the request for the next meal, although this was not supported by the identical times to the dinner request and the similar amounts of food ingested at this meal observed under all conditions in the present study. The lack of enhanced satiating power from MCTs at breakfast was not attributed to the experimental design because our subjects appeared to govern their food intake on the basis of their internal metabolic cues. This was indicated in session 2 by an efficient compensation for their lower energy intake at the imposed lunch, by a higher intake at the following dinner, and in meals on the following day. Moreover, although MCTs in the breakfast did not appear to alter its satiating power, they enhanced the satiation of the next meal because less food was ingested at lunch, in agreement with the observations of Rolls et al (26) .
After the 2 breakfasts containing a large amount of LCTs (LCT-S or LCT-U), the subjects consumed equal quantities of food at lunch and dinner. This is at variance with observations that intradigestive infusion of fat in humans (38) , rats (39) , pigs (40) , and domestic fowl (41) speeds satiation by pre-and postabsorptive mechanisms. On the other hand, the equal consumption by our subjects resulted in a higher total daily energy consumption after the high-LCT meals. This agrees with the epidemiologic and experimental findings that high-fat diets lead to overconsumption (4-6, 13, 28, 31, 42) and weight gain (12, 43, 44) . Conversely, the lower energy intake after the MCT breakfast lends support to the idea that this type of fat may promote satiation and thus help restrict food intake (18, 20, 26, 41) and reduce body fat mass (16, 17) . However, the mechanism underlying the reduction in food intake after MCTs is not fully understood (24, 25) . It probably does not depend on a preabsorptive mechanism such as a decrease in the sensation of hunger because the hunger ratings at lunchtime after the MCT breakfast did not differ from those noted after the 2 other fatty breakfasts. Among the possible postabsorptive mechanisms for reduction of food intake is faster gastric emptying (45, 46) . More likely, faster satiation may have resulted from metabolic conditions that promote intracellular fatty acid oxidation in liver or brain. There is evidence that glucose and fat metabolism exert coordinated control over feeding behavior, at least when the fat content of the diet is relatively high (18, (47) (48) (49) . In rats, inhibiting oxidation of long-chain fatty acids with methyl palmoxirate, which blocks carnitine palmitoyltransferase I and thus decreases transport of long-chain fatty acids to the mitochondria, stimulates feeding (50, 51) and because medium-chain fatty acids do not require carnitine palmitoyltransferase I for their transport into the mitochondria, this feeding response is more effectively reduced by MCTs than by LCTs (51). The observation of Fielding et al (52) that the consumption of lunch after a breakfast with a high fat content is accompanied by an early peak in plasma lipids derived from the fat in the breakfast, could explain why MCTs reduced the amount of food ingested FIGURE 2. Temporal pattern of plasma concentrations of triacylglycerol, fatty acids, and ␤-hydroxybutyrate after 4 breakfasts differing in fat content. Shown on the left, from before breakfast to the time at which the first individual requested lunch; shown on the right, temporal patterns during the 150 min preceding the lunch and after the lunch until the time at which the first individual requested dinner. The values of the different subjects are synchronized to the time of their lunch request. ᮀ, fat substitute; ᭺, medium-chain triacylglycerol; ᭞, monounsaturated long-chain triacylglycerol (olive oil); ᭝, saturated long-chain triacylglycerol (lard). # Filled symbols are significantly different from the open symbols specified in the box of the corresponding graph (Neuman-Keuls test after one-way ANOVA). x -± SEM; n = 12. For the sake of clarity, error bars are only represented for the maximum and the minimum values at each time.
at the next meal without any significant decrease in hunger ratings or an increased time to the next meal request. However, although it is known that plasma fatty acid concentrations correlate positively with fatty acid turnover and oxidation (53) , the contribution of fatty acids to the more rapid satiation in the MCT condition was probably small because concentrations were lower at lunchtime after the breakfast with MCT than after that with LCT. On the other hand, because ketone bodies have been shown to inhibit food intake (54, 55) , they may have also played a role in satiation because plasma ␤-hydroxybutyrate concentrations were sixfold higher at the lunch request after the MCT breakfast than after the 3 other breakfasts. Finally, the possibility that MCTs reduced food intake through a nonspecific action or gastrointestinal discomfort, as suggested by MacDonald et al (56) and Rabinowitz et al (57) , could not be ruled out. Deleterious effects may result from ketogenesis (23, 58, 59) or an overloading of hepatic beta-oxidation with the production of unusual catabolites such as dicarboxylic acids (60) (61) (62) . However, our subjects did not complain of any malaise, possibly because the MCTs were associated with a carbohydrate load, which has been shown to minimize any adverse effects (58, 59 ).
In conclusion, MCTs were assumed to modify food intake in our subjects via a postabsorptive mechanism because they enhanced satiation at the next meal. However, from the present results we were not able to conclude that they delayed hunger and reduced food intake by sparing carbohydrate oxidation. The lack of a delayed request for food after breakfasts containing MCTs compared with other fat loads may have been due to a ceiling in carbohydrate oxidation after the large carbohydrate load in our breakfasts. Measurement of nutrient balances and respiratory exchanges should throw more light on this question.
